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Introduction
A.fascinatin~problem with respect to faba bean (Vicia faba L.) IS speculation about the wild progenitor from which this c~o~h~.evolved.~everal wild species showing morphological similarities to cultivated V. faba have been grouped with this crop plant in section Faba (Ball 1968; Birch et al. 1985) . AlI the wild forrns studied have 14 chromosomes, and attempts to cross them with V. faba have failed (Zohary 1977) . The 12 chr0?1osomes of f~ba bean are much larger, extremely asymmetrical, and consist of twice as much DNA as do those of the wild species. If the wild species are relatives of V. faba, ã hange in their chromosomes had to occur, which is highly improbable under or during the domestication process (Ladizinsky 1975a) .
Except for V. faba paucijuga, which is primarily autogamous, allogamy is the rule in V. faba (Cubero 1974) . Autogamy confers tremendous adaptive value to a wild annual species because it can grow as solitary plants or as small popul~~ons. Its~mall seeds and autogamy suggest that the pauclJ~ga~pe IS the closest link to the V. faba wild progenitor, which hkely was self-pollinating (Ladizinsky 1975a) .
According to Ball (1968) , the genus Vtcia has been divided into four sections: Cracca, Ervum, Vicia, and Faba. Vicia faba and Vicia narbonensis-complex plus Vicia bithynica are the components of section Faba. The inc1usion of V. bithynica is not easily justified on the basis of classical taxonomy (Kupicha 1976; Birch et al. 1985) . Ladizinsky (1975b) and Perrino and Pignone (1981) found ' Aumor to whom alI correspondence should be addressed.
Prinred in Canada I Imprime au Canada that the protein profile of the narbonensis group was completely different from that of V. faba. Taxonometric as well as che~cal st,udies reveal that eve~though they are morphologically alike, they are very unlike one another in terrns of chromosomal, cytogenetical, and protein content (Cubero 1984) . Thus, the question arises as to whether V. faba deserves a section of its own. The answer may be provided by the discovery of the wild progenitor of V. faba. As a useful tool for e characterization and c1assification of higher plants, the importance of flavonoid chemical markers to plant taxonomy is well documented (Asen 1984; Harborne and Turner 1984; Van Sumere et al. 1985) . This is because of their ubiquitous occurrence and their chemical stability. Indeed, in order to evaluate the significance of flavonoid occurrence, it may be sufficient in some cases to establish which c1asses of flavonoids are represented (i.e., presence or absence of flavonols, flavones, or glycoflavones) (Harborne and Turner 1984) . In addition, they have been used to establish the identity of parental origin of natural hybrids and for cultivar identification (Asen 1984) .
Recently, sophisticated high performance liquid chromatography (HPLC) in combination with a suitable computer program has been used for the identification and classification of different cultivars of ornamentals (Van Sumere et al. 1985) . This progress in analytical procedures has greatly stimulated additional research on phenolics as taxonomic guides, unti! no~mai~y based on paper and thin layer chromatography.
Little IS known about the phenolics of the genus Vicia, although kaempferol-3-rhamnoside, kaempferol-xylosylrhamnosyl-glucoside, kaempferol-3-g1ucosyl-7-rhamnoside, kaempferol-3,7-diglucoside, rutin, quercitrin, and quercetin- • bSample provided by G. Ladizinsky. The taxon does no! cross with II: gaJilaea, for which the taxon is often mistaken (P. Perrino, unpublished data). HPLC analysis was perfonned with a Perkin Elmer Series 4 liquid chromatograph, which was equipped witb a 3600 Data·Station and a spectrophotometric photodiode array detector 1040 (Hewlett Packard) coupled witb an HP-85 computer and an HP-9121 disc drive. The pilot signal to the speetrophotometric detector was set at 325 nm. An analytical Merck (Darmstadt, Federai Republic of Gennany) column (250 x 4 mm) prepacked witb LiChrosorb RP-18 (7 p.) was used throughout thìs work. The solvent system consisted of (A) MeOH and (B) acetic acid -water (5:95, v/v). The elution profìle was 15-40% A in B for 0-25 min; 40% A in B (isocratic) for 25-30 min; 40-63% A in B for 30-45 min; 63% A in B (isocratic) for45-47 min; 63-99% A in B for47-51 min. The flow rate was always l mL/min, and at the start the column pressure was 15 MPa. Samples of 6 p.L were applied to the column by means of a 6-p.L loop valve (Lattanzio 1982; Lattanzio and Van Sumere 1987) .
Identijication of the compounds
The retention times (min) of the unknowns were compared witb tbe retention times ofknown standards. The UV spectra oftbe unknowns 3-glucosyl-7-rhamnoside bave been identified (Bate-Smith 1966; Harbome 1971; Torck 1976; Knackstedt and Hemnann 1981) .
In the present study, the flavonoid pattem of leaf tissue of Vicia species of section Faba has been investigated. On the basis of the flavonoid fingerprint, possible relationships among wild and domesticated species are discussed.
Material and methods

Plant material
Known species of Vicia of section Faba were studied (Table l) . AlI species were grown from seed up to flowering stage in a growth chamber at 20°C (RH = 70%) witb a 12 h: 12 h light-dark photoperiodo The youngest leaves from the tip of the main stem were collected from single plants at the flowering stage (after the appearance of the fifth flower), dried at 40°C for 48 h, ground, and stored witb silica gel at room temperature before analysis (Perrino et al. 1986 ). One of the most frequent questions about flavonoid chemical markers concerns tbe effect of tbe environment. If sampling, extraction, and analysis techniques are adequate and comparable leaves or whole plants at tbe same developmental stage are seleeted, most of the qualitative variability encountered is most probably due to genetic variation, whereas the quantitative variability will probably refleet environmental factors (Harborne and Turner 1984) .
Extraction of plant material
For qualitative determination of the flavonoids, the plant material was refluxed witb hot methanol-etbanol-water (MeOH-EtOH-H 2 0 ) (4:4:2) for l h.
After centrifugation, the solution was concentrated under vacuum and partitioned witb petroleum ether (hp 4O-70°C). The aqueous fraction was analysed for flavonoid glycosides by HPLC. For flavonoid aglycone analysis, the aqueous extraets were first hydrolysed under nitrogen witb 2 M HCl and then extracted witb dietbyl ether (E~O). Finally, the E~O extracts were concentrated under vacuum and redissolved in MeOH. The latter were analysed by HPLC (Lattanzio and Van Sumere 1987 .... ,.., • A, apigenin g\ycosides; K, kaempferol g\ycosides.
• • were obtained by the photodiode array detector and compared witb the spectra of standards by means of a computer program (K3 software postrun analysis).
Flavonoid fingerprints
From chromatograrns and using an HP-K3 software postrun analysis coupled witb PE-Chromatographics 2 software, a flavonoid fingerprint of the different Vicia species was obtained based on the retention times of the main flavonoid glycosides, knowledge of the aglycone, and determination of peak area. Some phenolics that were taxonomically not relevant were ignored because of their ubiquitous distribution (e.g., L-DOPA, chlorogenic acids, and coumaroyl and feruloyl derivatives).
Results
Flavonoids identification
The three flavonoid aglycones that were identified were apigenin (flavone), kaempferol, and quercetin (flavonols). All these flavonoids were present in the four botanical varieties of V. faba, whereas apigenin was absent from the wild species. Kaempferol was the most abundant flavonoid aglycone, with the exception of V. bithynica and Vicia galilaea in which quercetin was quantitatively predominant. Table 2 shows the flavonoid glycosides identified in all analysed species. Besides rutin and quercitrin, which were also identified by Knackstedt and Herrmann (1981) and Torck (1976) , hyperoside, quercetin-3-arabinoside, kaempferol-3-rutinoside, and the rare robinin (kaempferol-3-robinoside-7-rhamnoside) were also found.
Among the different identified glycosides, robinin was present only in the four botanical varieties of V. faba, while all wild species contained hyperoside and rutin. Quercetin-3-arabinoside was present only in Vicia major, quercitrin only in V. bithynica, and kaempferol-3-rutinoside only in V. galilaea. Table 3 shows the flavonoid glycoside pattems of the V. faba group and the V. narbonensis-complex (the latter in our c1assification also includes V. bithynica; see Discussion and Table 3 ) as determined by HPLC computer program. There are a total of 15 flavonoids in the botanical varieties of V. faba and 21 in the wild species but only one common to both. A quercetin glycoside peak (retention time = 20.90 min) was present in both V. bithynica and V. f paucijuga, but it is unidentified and at present it is impossible to establish if it is the same in the two species. Table4 shows the flavonoid glycosides in common among the botanical varieties of the V. faba group. They have two apigenin and four kaempferol glycosides in common. Additional relationships can be established among the varieties. Thus the V. f minor is most similar to V. f equina and V. f equina is most similar to V. f paucijuga because they contain three other glycosides in common.
Computer comparison of HPLC fingerprints
The most different are V. f major with V. f minor, with only six glycosides in common. Table 5 gives a list of eight flavonoid glycosides shared among the wild species. They are more dissimilar than V. faba, having two compounds, hyperoside and rutin, in common. Three groups are evident, the first including V. galilaea and V. narbonensis and the second Vicia johannis and Vicia hyaeniscyamus, with two and three additional glycosides in common respectively. The third and last group includes only V. bithynica, which also contains the flavonoid quercitrin.
Discussion
This research, based on flavonoid HPLC fingerprints, leads lo the conclusion that even if the V. faba and V. narbonensis groups have two flavonoid aglycones (kaempferol and quercetin) in common, most ofthe glycosidic pattem is different (see Table 3 ). Only V. bithynica contains an unidentified quercetin glycoside in common with V. f paucijuga, and this confirms the similarity found by Perrino and Pignone (1981) who compared the electrophoretic protein pattem and chromosome banding.
Chemotaxonomical analyses of the genus Baptisia seem to indicate that plants containing flavones are more highly evolved than those containing only flavonols (as are the taxa in the Vicieae with 2n = 12, like V. faba), and that complex succeeds simple glycosylation (Harbome 1971; Harbome and Tumer 1984) . Furthermore, it is important to emphasize the presence of the rare 3-rhamnoside, 3-arabinoside, and 3-galactoside flavonoids occurring instead of the common 3-g1ucoside. For the genus Vicia, this has been considered an interesting character from a taxonomic viewpoint (Harbome and Tumer 1984) . In addition, the rare robinin (kaempferol-3-rhamnosylgalactoside-7-rhamnoside), which was first isolated from Robinia pseudacacia and then also from Phaseolus, Pueraria, Vigna, Vinca, and Cheiranthus (Harbome 1971) , was also identified in faba beans. 
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As far as the V. faba group is concemed, flavonoid HPLC fingerprints of the four botanical varieties are in good agreement with the suggestion (Cubero 1974 (Cubero , 1984 that differences among the four varieties are insufficìent to support a subdivision oftbe group. The V. f. paucijuga fingerprint is most similar to that of the otber botanical varieties. Tbus the results of this study would not support the subdivision of Muratova (1931) , subsequent1y revised by Hanelt (1972) , both considering two different subspecies in the V. faba group.
On the contrary, the nonhomogeneity of the V. narbonensis group, recognized by several autbors (Schafer 1973; Ladizinsky 1975a; Cubero 1984) , is confirmed by the results of this research. Vicia bithynica is linked to the narbonensis group because of the presence in its fingerprint of hyperoside and rutin, the typical flavonoid glycosides of this group (Table 3) . Vicia serratifolia, which like the otber wild species also contains rutin, was not included in this classification. Its more complex fingerprint and 10w flavonoid glycoside content require additional research. For this reason, it was not discussed in tbe present study.
